Despite being common within the Jarrah forest of southwest Western Australia, re-colonisation of areas rehabilitated after bauxite mining by Austral Bracken Fern (Pteridium esculentum [G.Forster] Cockayne) is an extremely rare event. To ensure adequate representation of this species within rehabilitated areas, a tissue culture production method was developed. Gametophyte cultures produced from in vitro germinated spores were used to produce sporophyte cultures. Successful acclimatisation was achieved in the greenhouse, with similarly high survival (72.4% to 85.0%) for three different environments. Survival increased as the growing container volume increased.
Introduction
Pteridium esculentum (hereafter referred to as 'Austral bracken') is native to Australia, New Zealand, New Caledonia, Fiji and Tonga (Brownsey, 1989) . In Western Australia, it is confined to the wetter parts of the south-west region of the state; with only a few small isolated populations north of Perth and in the drier interior (Churchill, 1961) . In the northern Jarrah (Eucalyptus marginata) forest, Austral bracken is mostly restricted to the wetter western side of the Darling Plateau where it comprises ca. 2% of the total understorey plant cover and is considered a functionally important understorey component (Norman et al., 2006) . Only two fern species occur in the upland Jarrah forest (Willyams, 2012) with Austral bracken the sole representative of the family Dennstaedtiaceae (Marchant et al., 1987) .
Alcoa of Australia Pty Ltd. operates two bauxite mines in the northern Jarrah forest. The aim of post-mining rehabilitation is to establish a self-sustaining Jarrah forest ecosystem. While Austral bracken is common in unmined forest, it is very rarely found in rehabilitated areas. Consequently, the over-arching aim of this research was to develop an effective system to enable this species to be planted in mine rehabilitation. However, little is known about Austral bracken and no propagation studies have been reported. Spores of the globally widespread and related species P. aquilinum (Page, 1976) germinate readily on a variety of artificial media, even in the dark, but need both light and temperatures above 4.5°C for continuing gametophyte growth (Conway, 1949) with germination higher on solid than liquid media (Sheffield et al., 2001) . Furthermore, P. aquilinum has been propagated using in vitro gametophyte cultures derived from in vitro germinated spores (Steeves et al., 1955) with gametophyte cultures having no specialised media requirements.
With no publications of in situ or in vivo propagation of P. aquilinum, but several reports on in vitro propagation, this work was used as a basis for developing an Austral bracken plant production method consistent with the reliable spore collection, axenic spore germination and in vitro plant production methods that have been developed for many ornamental fern species (Burr, 1975; Padhya and Mehta, 1982; Finnie and Van Staden, 1987; Roos and Verduyn, 1989; Fernandez et al., 1993; Fernández et al., 1996; Fernández, 2003) .
Austral bracken spores were collected in mid-summer 2000, airdried, stored at 21°C and used for tissue culture initiation within one month of collection. Working inside a laminar flow cabinet, a small quantity of spores was mixed with one ml of 0.4% w/v sodium hypochlorite solution in a sterile 10 mL syringe. After 15 min, a further 9 mL of sterile de-ionised water was taken up in the syringe, to dilute the solution. The spore suspension was then squirted thinly onto the surface of the fern germination (FG) medium in 250 mL glass jars with non-vented opaque polyethylene lids. The FG medium consisted of half-strength Murashige and Skoog (1962) (1949), where P. aquilinum spores germinated in the dark. The first sporophytes developed 2 months after the initiation of the gametophyte cultures (Fig. 1) . Sporophytes were picked out of the gametophyte cultures and replanted into the same medium and vessel type, except that vented vessel lids were used. The gametophyte cultures produced 10 to 20 sporophytes per jar every month for 18 months. However, the sporophyte production rate per culture vessel and per sporeline was variable. Gametophyte culture health declined during the second year but selective sub-culturing of the best material improved cultures to near original quality. Investigation commenced on how to control and increase the number of sporophytes produced by each culture. Since low sugar concentration (0.5 to 2.0%) combined with low light increased sporophyte formation from prothalli cultures of the moss Physcomitrium pyriforme (Menon and Lal, 1972) , the FG medium was compared with a low sugar medium (LS). The LS medium macro-and micro-nutrients were identical to the FG medium but with 8 g L −1 sucrose and 5 g L agar (compared to 20 g L −1 sucrose and 6 g L − 1 agar). Significantly fewer sporophytes were produced with the LS medium compared with the FG medium (One-way ANOVA, P N 0.05). Thus, there was an average (±1 SE) of 0.2 (± 0.1) versus 13.1 (± 3.2) sporophytes per jar of gametophyte cultures for the LS and FG medium, respectively. The effect of three greenhouse acclimatisation environments on plant survival was tested with sporophytes planted into a 1:1 pine bark:sand [by volume] potting mix containing 1 g L − 1 slow release fertiliser (NPK 19.4: 1.6: 5; Osmocote®). Specifically, overhead misting was compared with capillary mats and troughs of shallow water (neither received overhead irrigation). Across the three watering regimes, survival was high (average ± 1 SE = 77.9 ± 4.6%) with no significant effect of water regime (one-way ANOVA, P N 0.05). Additionally, the effect of six different growing containers (pots) on acclimatisation survival was tested: survival increased significantly as pot volume increased (One-way ANOVA, P b 0.05; Table 1 ).
Following acclimatisation in a greenhouse for 4 to 8 weeks, the plants were placed on mobile beds and moved to an open sided power shade-screen structure with a sprinkler irrigation system for 1 month. The maturing ferns then spent 2 months in the open yards under green shade-cloth covers giving 70% shade (Gale Pacific Limited, Braeside, Victoria, Australia) until the fronds were hardened. Average plant survival (±1SE) on nursery beds was significantly higher (Oneway ANOVA, P b 0.05) for shaded plants (64 ± 7.7%) compared with unshaded plants (49 ± 6.4%). These plants were then planted, in winter 2001, into newly restored mine pits. Following planting in the field, survival and spread of these plants was high (Willyams, 2012) .
As an alternate technique, spreading blended gametophyte cultures onto potting mix in the mist house (Finnie and Van Staden, 1987) was trialled. While this technique did produce sporophytes, they were too few to use as a mass propagation system and growth rates were very slow compared with in vitro plants (data not shown).
While fern spore germination can be improved by optimizing the growth temperature (Juárez-Orozco et al., 2013) , this has yet to be tested with Austral bracken. In addition, research is also investigating whether sexual recombination is occurring in vitro since if each sporophyte is genetically distinct there may be genetic diversity benefits for rehabilitated sites. In conclusion, this study provides a reliable method for large-scale production of this little studied fern species. 
